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ABSTRACT

This paper discusses safety assessment projects
which are characterized by availability of advanced
vehicle information technologies. Present and future
crash event recording Situations are discussed to
illustrate the use of innovation and statistical analysis of
appropriate datafor safety evaluations.

Present devel opment, testing and implementation of
in-vehicleevent recording devicesarediscussedinterms
of new and emerging technologies and the innovations
needed to promote improved data quality and ease of
use in safety assessments.  Approaches to evaluating
statistical properties of new data sources are also
discussed.

Present and future computer technology and software
, event recording devices and data for analysis are
advancing rapidly but still thereisaneed for innovation
and study of statistical properties of data sources.

SENSING TECHNOLOGIES

An example application of high speed sensing
is the case where occupants of motor vehicles are
protected from fatal injury in acrash when air-bagsare
deployed by sensors which detect and/or predict an
above threshold crash pulse which is known to be a a
level that would most likely result in afatal injury to the
occupant. Some vehicle crashes are serious and the
physical conditionswhich signal the seriousnessarevery
complex (see pages 30-38 of [1]).

In addition to air-bags, other methods are being
developed and tested to help save lives in crash
situations. Crash event recorders have the primary
function of triggering the vehicle's protective devices
such as air-bags but other options are being evaluated
also. Oneoptionisto providefor automatic notification
to medical emergency providersinthe case of aserious
crash so that appropriate medical treatment can be
provided at the right time to attend to the crash trauma
in alife saving manner [2,3] .

Another option for crash event data recording
equipment isthe preservation of important datathat can
be used to evaluate avariety of crash situations at some
future date. This type of data provides better

opportunities to focus on aspects of crashes and/or
vehicles that can be used to make decisions which will
help both vehicles, their occupants and the roadway to
operate at safer levelsthan before.

Analysis [2] has shown that for serious crashes,
theuse of appropriate emergency medical servicesat the
right times can be asignificant factor in the outcome of
injuries to victims of crashes. Crash
victims who are suffering life threatening trauma must
be given treatment to keep their airway open and their
critical body functions going long enough to recover
from the impact of the crash. Event data
recording technology now existsto provideanin-vehicle
device that can detect a serious crash and
send a cell phone cal to appropriate authorities [3].

Other technologies [4,5] provide digital images
from on-vehicle video cameras which can be sent
from the crash scene electronically to information
processing stations on the Internet. This form of
data can also be useful in post-crash anaysis of
the circumstances of the crash.

THE USE OF VIN STRUCTURE
FOR RECORDED DATA

Innovative ideas can be used to promote data structures

which include items from these new and emerging
technologies for in-vehicle event recorders. For
example, oneimportant dataitem to consider isthe VIN
(Vehicle Identification Numbers) of the vehicle which
experiences an event of interest.

Vehicle Identification Number Standardization has
been established for al passenger cars, multi-purpose
passenger vehicles, trucks, buses, trailers, incomplete
vehicles and motorcycles for amodel years beginning
with model year 1981.

The first three characters of the VIN are
designated the WMI (World Manufacturer
Identification). The WMI uniquely identifies the
Nation of Origin, Manufacturer , Make and Type
of Vehicle. When a 9 appearsin position 3 of theVIN,
it signifies small manufacturers which produce
less then 1000 vehicles per year. For these cases,
positions 12-14 of the VIN are needed to identify the
small manufacturer.



The second section has five -characters
and has been designated the VDS (V ehicle Description
Section). The VDS uniquely identifies
the attributes of the vehicle such as Model, Body
Style, Engine etc. The third section of the VIN
starts in position 10 and goes to position 17 with
position 11 designating the plant where the vehicle
was manufactured. The Vin characters in position
12-17 are of special interest because of their linkage
to the regigtration information which can be used to
identify the owner of the vehicle. The character in
position 9 of the VIN isacheck digit whichiscalculated
from the other 16 characters of the vin. The check digit
isused to verify the vaidity of aVIN. Vin position 10
is used to record the model year of the vehicle.

VIN interpretation software can be used to identify
vehicles and to link to a variety of information on
vehicle characteristics such as wheelbase, engine and
transmission , restraint system, brake design, anti-theft
devices , weight-to-horsepower ratio , and daytime
running lights.

In the past VIN interpretation software has been
used mostly by law enforcement, government, divisions
of motor vehicles, and other special agencies with
authority to usethe software. Today, VIN interpretation
softwareisbecoming moreavailablefor widespread use
including availability onthe Internet. Consequently, the
opportunity to devel op innovative uses of vin structures
in recording, retrieving, and analysis of vehicle safety
datais available.

Privacy issues may if recorded data on VIN
includesthe full 17 charactersof VIN. The thisneed
to protect the privacy of vehicle owners can be
accomplished by innovative logic in event recording
deviceswhich canrecordtheVIN structurefor positions
1-11 along with other information in positions 12-17
which will replace the information normally found in
positions 12-17. By maintaining the full 17 character
format, a new check digit can be calculated and placed
in position 9 of the vin to once again set acontrol on the
validity of the complete vin athough the origina vin
digits no longer appear in positions 12-17. Also, since
VIN interpretation software generally requires 17
charactersof input, thisapproach providesopportunities
for innovative uses of VIN software to expand the
information available in an analysis of a simple data
element composed of 17 characters with the VIN
structure in positions 1-10 and a numeric code in
positions 11-17 which documentsthe important aspects
of an event which occurred.

Note: This approach would require specia
handling for the cases of VINs from small
manufacturers.

For example, 6 characters of event information
could be placed in positions 11-17 as follows:
Position 11 — Use a single | etter to represent
the calendar year in which the
event occurred -(use the
vin - |etter scheme for model
year with choices of upper
case for years 1980-2000,
standard font for years
2001-20009, lower case for
years 2010-2030, specid
font for years 2031-2039

Note: This scheme for calendar year of
event sets up a pattern that is similar
to the standardized coding for vehicle
model year in position 10 with features
to make use of today’ s wide range of
fonts to keep track of model years and
event years within the VIN-like data
to be recorded and stored for future
analysis.

Position 12-14 - Use the “Julian Day -three
digit number for the day on
which the event occurred.

Note: Aninnovative aternative hereis

to use the numbers 1-365 for events

which occur between the hours
from 12:00 AM to Noon and the
numbers 366-730 for events
between 12:00 noon and 12PM.
Thisinnovation islinked to the
scheme below for getting atime
reference stored in columns 15-16.

Position 15 - The hour can be placed
in position 15 asasingle
character with either a
specid font or specia
characters for the 10"
and 11™ hour.

Position 16-17  The minutes can be placed
here as two digits.

Note: The basic idea hereisto accurately capture the
time elements of the event within the VIN-like data
structure. This approach could provide more accuracy
in the storage and use of time than current time



recording practices.

To summarize this VIN privatization-event data
loading scheme, consider the following example
vehicle which has the following

in positions 1-10 of the VIN: 1G6KY549YU

Vin interpretation software will reveal that this
vehicle is a model year 2000 Cadillac STS 4 Door
Sedan equipped with Manua belts, Driver and
passenger air bags (front and side) and the engine
is a 4.6Litre V8 with multi-port fud injection.

Now let us assume that this vehicle has been
equipped with an on-board event recording device
that has been engineered to provide the outputs which
includes the VIN-like output event data scheme
described above. Consider thefact that thisvehiclewas
involved in a serious crash with another vehicle on
November 7,1999 at 4:57 PM. and that the other
vehicle was an older vehicle position 1-10 vin
characters 9BWBAO0307J. This other vehicle was a
Volkswagen Fox 2door with active beltsonly. In this
case there were 4 occupants in the Cadillac and only the
driver in the Volkswagen Fox. None of the occupants
of the Cadillac received injuries but the driver of the
Volkswagen was fatally injured. The Fatality Analysis
Reporting System( FARS) record shows that both
vehicleswere moving at 55 mph and the Fox was struck
a an angle by the front of the Cadillac at the passenger
door of the Fox. The
front air bags of the Cadillac both deployed and
al occupants of the Cadillac were using shoulder
and lap belts. The driver of the Fox was not using
belts and was partially gjected.

Using the scheme described above we now have the
following two VIN-like data items which contain
imbedded information on the time elements of thecrash
event :
1G6KY5459Y X676456 9BWBAO0317JX676456

These VIN-like data streams can be subjected
to Vin interpretation software to obtain information
about the genera characteristics of these vehicles.
The string X676456 can serve as a time reference
that these two vehicle were involved in acrash. This
innovative way to display the time eements of a
crashed vehicle could be incorporated into the crash
event recording equipment as a standard way to keep
track of this information and the vehicle which
experienced the event. The advantage of such an
innovation is that Vin interpretation software can be
readily used to discover what vehicle is represented by
thisrecord of an event.

Similar information packing schemes can be used
in conjunction with the first 8 characters of the vin

structure to facilitate efficient computer handling of
masses of vehicles crash information. For example,
in this case FARS variables for travel speed, initial
point of impact, principal point of impact, and
vehicle role are stored as numeric codes which are
under format control. Packing this information into
a 5 digit code can result in a simplified form of
representing these characteristics of the crash as
follows:
FARS Information
(From Format Controls)

Innovative Travel ImpactlImpact2 Impacts

Coding Speed
55332 55mph Clock 3 Clock 3 Struck
551 55 mph Clock12 Clock 12 Striking

In this case the specia symbol ~ is adapted to
represent the frontal contact point for the Cadillac.
Thus the combination of characters 21 can be used
to identify all vehicles which had the role of a striking
vehicle. As before these innovative codes
can be placed in the VIN-like format to create
a way to store data either after a crash occurs or
a the time the crash occurs. It is possible that
future in-vehicle recording devices will have the
capability to generate this kind of information
automatically at the time of the crash.

Information about occupants of vehicles can aso
be condensed into character strings. Information on
the 5 occupants in 1999 FARS case #55055 is
Innovative FARS PERSON Information
Code Per. Per. Injury Seating Restrain  Air
No Type Severity Position Use Bag

*

14100 1 1 4 1 0

10131 1 1 O 1 3 1
20331 2 2 O 3 3 1
2043 3 2 O 4 3 *
2063 4 2 O 6 3 *

Note: The FARS two digit code for seating position
has been transformed to a one digit code for
efficiency setting up the innovative code.

In this example, the innovative code of 1is

created to give an indication that an air bag

deployed in the crash. The symbol * was
created when the air bag did not deploy.

Although these innovative codes for the occupant
injury levels of the crash relative to the use and
deployment of occupant protection devices comesfrom
investigative reports, some of this type of
information is expected to be available from on-vehicle
crash recorders in the future. Information
on person type, seating position, restraint use and
air-bag deployment is likely to be available on future
vehicles and ultimately analysis of data from these



types of units coupled with actual crash outcomes
can lead to reliable ways to project the injury severity
levels that are likely in a crash. Capturing
this information into a VIN-like data element
could facilitate the handling and use of this type of
information both at the time of the crash for emergency
medical service as well as later in
post crash anaysis of information coming from
crash event recorders as compared to investigative
records of the crash outcomes. By keeping the
Vin information as a common link in all recorded
and stored data with other important data elements
such as time, crash conditions, etc. in standardized
numeric layouts that can be imbedded in a Vin-like
structure, the potential for better quality data is
enhanced and accessto important vehicle characteristics
is provided by vin interpretation
software and other important linking references.

STATISTICAL CONSIDERATIONS

A genera approach to evaluation of crash datasources
is to focus on the severity levels for occupants of
vehicles. This approach often leads to count data for
ordered categories. Inthis situation, a statistical method
of analysiscaled RIDIT analysisgivesaresult whichis
the probability that a vehicle having the “worst”
characteristics will experience higher levels of severity
than a vehicle which follows the “best” conditions.
For example, using the severity levels in FARS 1999
datawe canfocuson countsby severity levelsrelativeto
air bag information as follows:

Severity Air Bag Information
Levels Not
N/A  Deployed Deployed
A-None 14875 1000 3842
B-Possible Injury 5782 1036 1051
C-Non-Incapacitating 10125 2240 1526
D-Incapacitating 11558 2384 1467
E-Fatd Injury 26106 5255 4348
U-Unknown 218 42 27

With frequency distributions of ordered categories
such as this, the detisticd method caled RIDIT
(Relative to an Identified Distribution) Analysis can be
applied to compare the ordered severity level countsfor
one group of vehiclesto the ordered severity levelsfor
another group. For example, the severity levels for al
vehicles for which restraint system usage and air bag
deployment were following the “best” crash worthiness
conditions can be compared to a group of vehicles for

which “less than the best” conditions were present.

Innovative techniques can be used to organize
vehicles into groups according to conditions that are
revesled in crash files. The idea is to create an
innovative code and to embed it in the vehicle VIN
structurein order to set up opportunitiesto apply RIDIT
analysis concepts for a variety of situations where the
first part of the VIN carries information about the
vehicle involved and the embedded code carries
information about what happened to occupants of the
vehiclein acrash situation. For example, seven items
of information from the FARS-Person levd files can be
organized into a7 digit coderepresenting thefollowing:

Person Type

Injury Severity Level

Sest Position

Restraint Usage

Air Bag Information

Ejection

Ejection Path

When the information for al vehicle occupants is

linked to the Vehicle Vin information the resulting
VIN-like character strings can be subjected to
the RIDIT analysis setups to compare groups of
vehicles to one another to reflect on the data that
appearsin the FARS and other crash files. Thistype of
approach emulates the kind of data that has been
projected for future automatic recording of crash events.

RIDIT ANALYSISCONCEPTS

RIDIT Analysis is a method for comparing
qualitatively ordered categories of count data for one
or more sets of observed frequency distributions. One
of the setsis chosen as areference and the distribution
for this set isreferred to asthe “ |dentified Distribution”

The letters “I" and “D” in RIDIT
refer to the identified distribution and the letter “R”
stand for “Relative to the Reference set”. The letters
“IT” at the end are indicative of the idea of a data
transformation analagous to “logit” and “probit”
analysis.

The details of the data transformation can be
illustrated by an example. Consider a situation were
59 fatal crashes involving 151 vehicle occupants
resulted in and observed distribution over the ordered
categories of injury severity levels as follow:
Observed Severity Leve Distribution
(For Reference Situation)

OrderedCategories ObservedFrequency



Severity Unknown 2
No Injury 28
Possible Injury 15
Nonincapacitating 21
Incapacitatiting 26
Fatal 59

Ridit Calculationsfor Reference Set

The reference distribution is transformed by a series
of manipulationsinvolving 5 columns of numbers as
follows:

Column 1 - The Identified Distribution Reference
Column 2- One-haf of entriesin column 1
Column 3 - The Cumulative totals of column 1
displaced one category downward
(with O (zero) ontop)
Column 4- Column 2 added to Column 3
Column 5 -Each entry of Column 4 is divided by the
Grand total of entriesfrom column 1

Note: Column 5 contains the “ridits’ based on the
reference countsin column 1
Col 1 Col2 Col3 Col4 Col 5

2 1 0 1.0 0.007
28 14 2 16.0 0.106
15 7.5 30 375 0.248

21 105 45 55.5 0.368
26 13.0 66 79.0 0.523
59 295 92 1215 0.805

The “ridits’ in column 5 can now be used to

comparethebehavior of aseparate set of ordered counts
relative to this reference distribution.

Consider the following:

Observed Severity Level Distribution
(For Comparison Situation)

OrderedCategories ObservedFrequency
The test for significance of the difference above

can be performed as a standard normal two-tailed test.
The standard error of the mean ridit is approximated by

the following:
Standard Error = 1 =.0084
of MeanRidit 2+ 3x1194

Severity Unknown 4

No Injury 100
Possible Injury 103
Nonincapacitating 224
Incapacitatiting 238
Fatal 525

The procedure for making the comparison isto
calculate asingle vaue caled the “mean ridit” for
the comparison situation. First the “ridits’ from
the reference group are multiplied by the frequencies
of the comparison group. Then these products are
added up over all of the ordered categories. Finally
the sum of the productsis divided by the grand total
of the comparison group frequencies. Thisratiois
the “mean ridit” for the comparison. Thus we have:

Ridits X Comparison = Products
007 X 4 = .028
106 X 100 = 10.600
248 X 103 = 25544
.368 X 224 = 84.432
.523 X 238 = 124.474
.805 X 525 = 422.625
Total 1194

Total of Products= 667. 703
Mean Ridit=667.703/1194= 0.56

The interpretation of this mean ridit isthat it isthe
probability that a person from the comparison group
will sustain a more serious injury than a person from
the reference group when involved in a serious crash.
It isimportant to note that the mean ridit for the
reference group is always 0.50 thus the basis of
comparison is the difference between the mean
ridit of the comparison group and the mean ridit of the
reference group. In this case the differenceis
.56 - .50 = .06 and we must now consider the question
of whether or not this difference is significant
in the statistical sense.

The calculated value .06/.0084 =7.14 isthen
compared to the standard normal table with the
conclusion that the difference of .06 in this case
issignificant .

Additional frequency distributions for comparison
groups can be examined in this manner
to see how they compare to the reference group.



Additional analysis can also be performed to compare
the relative behavior of comparison groups to one
another. First consider a second comparison group
mean ridit calculation as follows:

Ridits X Comparison = Products
007 X 2 = .014
106 X 384 = 40.704
248 X 105 = 26.040
.368 X 152 = 55.936
523 X 147 = 76.881
.805 X 435 =350.175
Total 1225

Total of Products =549.75

Mean Ridit = 549.75/ 1225 = 0. 45
Thusthe meanridit for thiscomparison group exhibits
a lower probability for a member of the comparison
group to sustaining a more serious injury
inaseriouscrash than asimilar member of thereference
group. The difference in mean ridits for
this comparison group as compared to the other
comparison group is 056 - 045 = 0.11
The standard error for this difference is
Standard Error V1194 + 1225
of Difference in =
Mean Ridits

2.0 x ¥ 3.0x(1984)x(1225)

= .0091

The calculated value .11/.0091= 12.09 is compared
to the standard normal tableto decidethe significance of
this difference in mean ridits.

In general, RIDIT analysis concepts can be useful
for comparing severity levels for injuries to occupants
for avariety of circumstances.

FUTURE DATA SOURCES

Asadvanced vehicletechnologiesare applied to better
protect occupants in severe crashes, the structural
properties of incoming ordered severity information
from serious crashes will accumulatein crashfiles. In
many future crashes it is expected that the effect of
advanced in-vehicle technologies will be reflected in
shiftstoward lower severity levels. Inmany instances
the new data will not become a part of the Fatality
Reporting System files because of the lack of fatal
injuries. Other crash fileswill contain new information
that could be linked to FARS past data to perform the
types of Ridit analyses outlined above to estimate and
compare the consequences of uses of advanced in-

vehicle technologies in terms of injury
severity levels.

In addition, to changes in count data for numbers
of eventsand severity levels, other dataquality changes
are expected with respect to details such as the
exact time of the crash and the exact elapsed time
between the time of crash and the time of emergency
medical responses to the crash, the exact conditions of
restraint usage and ar bag deployments.

With these new future data structures, innovative
linking schemes, creative uses of dataanalysis software
and information retrieval will be found and applied to
better understand the important safety benefits that can
result from advanced vehicle technologies [8].

CONCLUSIONS

Approaches to organizing , linking, and
summarizing Safety Assessment datawerediscussedin
terms of moving toward standard ways to collect and
storeinformation elements to improve accessibility and
quality of data sources.

A datistical method for comparing ordered lists of
severity counts was outlined and illustrated. In general
a statistical result for an engineering investigation
provides valuable insight and information for making
decisions leading to improved safety . Only through
the collective accumulation of research findings can
objective assessmentsof phenomenaunder investigation
be made.

Innovation and careful consideration of statistical
design and analysis of experiments are necessary to
bring new technologies and observational data sources
into focus so that sound principles of analysis can be
easily applied [7,10,11,12]. Standardization of data
sourceelementsand design of experimentsare necessary
to provide the best analysis resullts.

In this paper the innovation of using one part of a
Vehicle Identification Number (VIN-positions 1-10) to
identify vehicles and their characteristics and the
other part (positions 11-17) to capture crash event
conditions such astime, or air bag sensing conditions
at the time of crash has been suggested as an advanced
way to accurately record and store important
information from a crash. This approach is oriented
to reliance on the capability of advanced electronic
in-vehicle equipment to supply accurate facts at the
time of crash aswell as on standardized ways to
process and assemble vehicle information thru the
use of VIN interpretation software. The expectation
from applying this type of innovation is better quality
datafor safety assessments and more flexibility in
setting up and applying statistical procedures such
asthe Ridit Analysis methods.
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